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DSSV Global Ana|y5|s
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Polarized PDFs:

Afx) =
S -©
(@) — f(x)

<S,>=3=1ATx+AG+1L
(Jaffe-Manohar, 1990)

AY = [(Au+ Ad + As + A + Ad + AS)dx

Integral of quark polarization is well

measured in DIS to be ~ 30%, some info

on decomposition from SIDIS but sea
quarks are not well constrained.

AG = [ Ag(x)dx

First experimental evidence of
non-zero Ag from 2009 data
(See Brain Page's talk )
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Flavor Asymmetry of the Sea
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Polarized Flavor Asymmetry:
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® Valence u and d distributions
are well determined from DIS

® Polarized flavor asymmetry
x(At — Ad) could help
differentiate models

e SIDIS results depend on FFs

Unpolarized Flavor Asymmetry:

RHIC/AGS users meeting, June 17th, 2014

Quantitative calculation of Pauli
blocking does not explain d/u ratio

Non-perturbative processes may be
needed in generating the sea

E866 results are qualitatively
consistent with pion cloud models,
chiral quark soliton models, instanton
models, etc.

e compass

DSSV
Bourrely-Soffer-Buccella
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Why Ws ? — Unique Probe to Sea Quark Polarization

polarized unpolarized
beam beam

o Ws couple directly to the quarks
and anti-quarks of interest

e V-A coupling of the weak
interaction leads to perfect spin
separation

e W charges allow flavor separation

u+d—-Wtoet4+v

d+u—W~ —e +7v

Measure parity-violating

single-spin asymmetry:

e Detect W' /W~ through e" /e~ A = 0+—0—
decay channels o++0—
Jinlong Zhang(SDU) RHIC/AGS users meeting, June 17th, 2014

4/24



Why Ws 7 — Unique Probe

A. Polarized (subscript) proton provides u

s (x) ad (%) v
+ e

W

.57(,\?;) N+ /d(xy) N+

0 = ‘

A.1 Proton helicity = “+” A.2 Proton helicity = “-”

AZV+ o ) _ Au(x1)

uy (xa)d(xe)—uZ (a)d(x2)
u; (xa)d () +u” (xa)d(xa) ula)
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to Sea Quark Polarization
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y Ws 7?7 — Unique Probe to Sea Quark Polarization

A. Polarized (subscript) proton provides u
2z (1) Al () /v
W 7

/d(x,) /T
. et . d(xy) et
A.1 Proton helicity = “+” A.2 Proton helicity = “-”
)d(x2) _
d

) _ Au(x1)

wt u:(x1)c_l(xz)—u:(x1 X2
AL & uy (xa)d(x2)+u” (x1)d(x2) u(x1)

B. Polarized (subscript) proton provides d

o v “.57:@;) v

w* w*

(u(xz) . u(xy) et

e
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Why W's ? — Unique Probe to Sea Quark Polarization

A. Polarized (subscript) proton provides u

2z (1) Al () v
s o

W

.57(,\?;) N+ /d(xy) N+

0 = ‘

A.1 Proton helicity = “+” A.2 Proton helicity = “-”

B. Polarized (subscript) proton provides d

'HT) v .‘.57:@;)

o v
w* w*
(u(xz) N+ u(xy) . .+

e e

B.1 Proton helicity = “+” B.2 Proton helicity = “-”

wt U:(Xl)a(xz)—ui(xl)a(xz) __Aulxa) wt ai(xl)“(xz)—ai(h)“(XZ) _ Ad(x1)
Al ul (a)d(e)tu-(xa)d(x2)  ulba) Al di (a)u(xe)+d” (a)u(xe) —  d(xa)
Superpose A and B : _ _
AW+ —Au(x)d(xe)+Ad(xa)u(xe)
L u(x1)d(x2)+d(x1)u(x2)
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Why W's ? — Unique Probe to Sea Quark Polarization

A. Polarized (subscript) proton provides u B. Polarized (subscript) proton provides d
s (x) ad (%) /v d: (%) v f7:(»\':) SV
W'_+ ﬂ"' W W"_ +
/d(x,) /T /o e
. Nt . d(x2) Nt . u(x,) Nt . u(x) "t
A.1 Proton helicity = “+” A.2 Proton helicity = “-” B.1 Proton helicity = “+” B.2 Proton helicity = “-”
AW o uy (x1)d(x2)—uZ (x1)d(x2) _ _Bula) AWt f:ﬂ(xl)u(XZ)—C:’i (a)ube) _ Ad(xi)
L u, (x2)d(x2)+u” (x1)d(x2) u(x1) L dI(X1)U(X2)+di (x1)u(x2) d(x1)

Superpose A and B :
w —Au(xl)_ -
AL O ) doa) a0 )ue)

Switch v and d :
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Expectation for W A;

o Pep oW et + v
e Large parity-violating F {s=510GeV  25<E:<50GeV
asymmetries expected. ’

o Simplified interpretation at
forward and backward
rapidity.

AW* —Ad(x1)0(x2)+AT0(x)d(x2)
L d(x1)0(x2)+0(x1)d(x2)

AN
_ _} backward e u L

DSSV08 RHICBOS. A
> —_ DSSV08 CHE NLO
u . LSS10 CHE NLO d

X <<Xy Parallel to W~ u = DSSVO08 L0 a7%/7°= 2% error

wt  —Au(xa)d(xe)+Ad(a)u(x) -2 "1 6 |
Al O T0a) a0 ue)
' e+

- orward e* d .
= f—» ATd *Charged lepton tends to emitted parallel
<< U Anti-parallel to W* |_d (anti-parallel ) to W= (W) due to the
handedness of produced neutrino.

1 2
lepton n
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STAR Detector Overview

Triggering Barrel EM
Calorimeter: |n|<1

Triggering Endcap EM
Calorimeter: 1.1< |n|<2

Time Projection Chamber:
Charged particle tracking
In|<1.3

Jinlong Zhang(SDU) RHIC/AGS users meeting, June 17th, 2014



Sample W Candidates

W — e 4+ v Candidate Event:

® |solated track pointing to isolated -
EM cluster in calorimeter ——

® |arge "missing energy” opposite | / \ \ [\
the electron candidate

QCD Background Event:

® Several tracks pointing to EM
energy deposit in several towers

® \ector pr sum is balanced by
opposite jet, no large "missing
energy”
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Isolation Cuts

L] e Match p7 > 10 GeV track to EMC
' cluster

1

N

>

N
<L>
An=0.1

e Require the energy deposited in the
next ring to be <5% of the 2x2

sum
e Require the ratio E?/E$R<0~7 to
R be > 88%
Eii’.;_i"“*
515000- — STAR 2012 Data L4500
W W—evMC

Transverse 100001 lyooo
Plane views

5000~

AR = /A2 + An? B

Jinlong Zhang(SDU) RHIC/AGS users meeting, June 17th, 2014



Topological Cuts

60|

Pr-balance: 3© o
3
- bal _ e — jets 2 20 300
pT" = pPT° + X AR>0.7 PT H
W 0 200
i p—' e'p—» bal .%
signed P-balance = % 2. "L - .
® _l' :':STAH 2012 Dat-a W - ev MC

40 60 2‘0 4‘0 56
E; (GeV) E; (GeV)
* Signed pr-balance vs. EZ ( data on the left and W
MC embedded simulation on the right)

required to be > 14GeV 05

Candidate track and BEMC
cluster reconstructed

E7 > 14 GeV and E/E;* > 0.95

B 5575088
\_‘ﬁ—_ - P;- balance cos(¢) > 14 GeV/c

-

3

Events /2 GeV
3
T u% T

Sum Only
Jets 1

Transverse
Plane views

gt

10 20 30 40 50 60

N 70
ES (GeV)

AR = /AP + AP
* E-7- distribution as background cut away
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Additional Cut at Forward-rapidity

s . Events pass all previous cuts
e Similar isolation and

topology cuts as barrel Signal Example Background Example
re ion E = 37 GeV. AESMDCmnPuinI 77’ \ﬁ;‘_;',
g [ Saf ESMD 5
o ESMD V Plane N

o Additionally improve
background rejection by
using the Endcap Shower
Maximum Detector

U Plane =

: 5

- //

(ESMD) bl | ey

projected

ESMD Strip Energy

ESMD Strip Energy

Sector Layout
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Charge Separation

400/ _ STAR Data — Electron
Shown electron & positron pT=5GeV/c \:\ Excluded — Positron
W ‘ 300[-Barrel
Q+
; 200
T — {v; il :-;L ;i' S 100—5(“4:[\ Q- Exclided Exéluded
JUI 200 em of tracking A -
s ; — Mo,
gl T 0 1 2
) Al Lepton charge sign x ET/pT
distance D ~ 1/pT, p’T=SéeV D~15cm, pf=4dGeV D~5cm
+ STARData — Electron
[J Excluded - Positron
e Charge sign reconstruction 201 Endcap
based on TPC track bending - e MR
e Estimate wrong sign o {
contamination by fitting
.............. ool

Q * E7/pT with Gaussian. 2
Lepton charge sign x ET/pT
12 /24
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Mid-rapidity Background Estimation

arXiv: 1404.6880 w signal
E Electron n |<0.5 Electron 0.5<In |<1.1
~ 150 — STAR Data L [ Second EEMC ° ”Jacobian Peak”
P —- WoevMC B W rtvMC
R TS | Primary Background:
sol L Satisfy W selection cuts but
contain jets escaping detection at
3 posivon n,<0.5 n<-landn>2
P 200" ' | ® Second EEMC
] Wi+ Estimate non-existent “east”
w
100" F EEMC background based on
L real west EEMC
70 20 30 40 50 6010 i
ES (GeV) ES (GeV) e Data-driven QCD

N _ Electroweak Background:
* ES distribution of W™ (top) and W™ (bottom)

candidate event of 2011+2012 data (black), background Determined from Monte-Carlo

contributions , sum of backgrounds and wt eiue MC 5imu|ation.
signal ( red-dashed)

WT B: ~0.95 W~ 8: ~0.9

where 3 = S/(S + B), S and B are the number of signal * W— v MC
and background events in [25, 50] GeV

e Z 5 ee MC
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PHpoOWELX > e+ X
0.4F STAR /5 =500 GeV prmd
25 < E; <50 GeV = == g

0.1p o, —0_

o,+o_

W~ W* RHICBOS
— DNS-K
—0.1F — DNS-KKP
= DSSV08

—02F CHE
- == DSSV08

1
| I

Syst. uncertainty due to background,
w/o pol. norm. uncertainty of 9.2%
| i

-2 -1 0 i 2
e
PRL 106, 062002 (2011)

e 2009 was a very successful first
500 GeV physics run

Jinlong Zhang(SDU)

Statistics increase of an order of
magnitude from 2009 to 2012:

STAR pp500 Longitudinal

Run || L (pb~1) | W (W) raw yield
2009 12 462 (192)
2011 9 342 (103)
2012 77 2417 (734)

With larger statistics, we can
look into lepton pseudo-rapidity,
ne, dependence of spin asymmetry
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Extract Spin Asymmetry with Profile Likelihood Method

V' Profile Likelihood Define a likelihood function for 8 spin-dependent

method was used in yields from pair of symmetric 1 region of STAR :

combination of 2011 and
2012

v" Accommodate the low
® P(M;|u;) is Poisson probability, for measured spin

statistics of 2011 dataset sorted yield M; in the expected value i; given by :
piy =l N(L+ PLBALTS + P2BAL e + P1PaBALL)
ni_ =1 _N(L+ P1BAL"S — PaBA; " — PiPaBAL))
B =1_ N1 — PLBAT" + P2BA; " — PiPaBAL )
1 =I1__N(1— P1BAf"® — P2BA[ TS + P1P2BALL)

*where Py(P2) beam polarization, At"e (Azne) single-spin
asymmetry, A double-spin asymmetry, N, spin averaged
yield, |4 4 the relative luminosity

® g(p) is Gaussian probability for estimated dilution
background, B = S/(S + B).

Extract asymmetries from likelihood function
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W A; Result of 201142012

W AL(ne) 201142012

A

0.5

L -> +
p+tp > W —e‘+v
25<E$<50GeV

r Vs=510 GeV

S5 wrw

[ -~ -+ STAR Data CL=68%
—— -.-.- DSSV08 RHICBOS
- DSSV08 CHE NLO
rrrrr LSS10 CHE NLO
DSSV08 LO Ay?/x%= 2% error
[T 3.4% beam pol scale uncertainty not shown

Rel lumi
syst

arXiv: 1404.6880

Jinlong Zhang(SDU)

1
lepton 1

RHIC/AGS users meeting,

STAR measured the
parity-violating single-spin
asymmetry A for |ne| < 1.4
from 2011 and 2012 data
Provide the first detailed
look at the asymmetry's 7,
dependence

A (W) is consistent with
theoretical prediction
AL(W™) is larger than the
predictions for 1. < 0, which
is particularly sensitive to At

June 17th, 2014



Impact of STAR Result

T T T T T T T T TY T T T
sk i i sy i N ool XAT(X,Q%=10 GeV? ]
2 JAY A i 2 3 { J—

o \ { A i { =
Ax : J b / i ]
i i —
10 L P 10 - e = ”%%/%%////%//
\ / -
¥ ) AY'=2% Ay’=2% L
y i \ ! *
i i Y i 002~ N
5 5 ; B SE i g ]
“~, i v DSSV++ ¥ .J “0.041~ [77] NNPDFpol1.1 1
A @ :D l— Q*=10GeV? EBoss Voo e
+ RN g dl ok - - ] 006 — Posiivity bound b
e 1 L 1 1 L 1 L 1 1 Il 1 L - -
<006 -004 -002 0 002 004 006 008 -006 -004 002 0 002 * * x * '
| PR
JAix.QY) dx JAd(x Q%) dx
DSSV++ arXiv: 1304.0079 NNPDFpol1.1 arxiv: 1403.0440

® STAR 2012 preliminary results included in global fits by DSSV and

® STAR runl2 W results provide significant constraints on & and d
polarization.

e Shift in central values for Al and Ad after including STAR run12
preliminary results
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W A;; Result of 201142012

Measure double spin asymmetry:

o™t +om " )—(0T"+o™ T
ALL - EU++IU__§+EU+_IO'_+;

® Probes different combination of quark polarizations

wt Au Ad w— Ad A
ALL ~ g ALL ~ ===

d d u
® Proposed to test positivity constraints using a combination of A, and A;

® First measurement is consistent with predictions from DSSV

A > >
LL - PP > W set+v
051 (s=510 Gev 25 < ES < 50 GeV
o= 1 N L3 I

L —_———
r ww
[ +@+ O« STAR Data CL=68%

05— — ---- DSSV08 CHE NLO
[ ﬁ.s%‘beam pol scale uncerlain?y not shown
0 0.5 1

lepton In|
arXiv: 1404.6880
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Z A; Result 011420

Z — eTe~ Candidate

e Limited Z boson production
cross section at RHIC
energies.

e Fully reconstructed e"e™
final state.

e Reconstruct initial state

20 i i i
+ STAR Data kinematics at leading order:

151 Z/n* — e*e’ MC
<11 \[
10~
J— Mee j:yZ
- {- J[ X1(2) =/ e
sy ! b ++++H-H+++H f By s
40 60 80 100 120
m,.. (GeV/c?)
arXiv: 1404.6880

Events / 2 (GeV/c?)
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Z A; Result of 2011+2012

Z — eTe~ Candidate

o AZ is sensitive to the )
combination of u,u,d and d
polarizations

e Consistent with theoretical
predictions within the large
uncertainty.

Rel lumi
syst

DSSV08 CHE NLO

-0.2
p+p — Zy* — e*+e”
-0.3 5=510GeV 70 <M,, <110 GeV
3.4% beam pol scale uncertainty not shown )
0.4 0.2 0.3 04 05

1
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Run 2013 Dataset

2013 W trigger Int. Lumi.

odh 73;//231Mar O6/Apr 20/Apr 04May 18May D1/.‘Judnay151Jun
STAR pp500 Longitudinal
Run L (pp™1) P P2L (pb~1)
2009 12 0.38 1.7
2011 9.4 0.49 2.3
2012 7 0.56 24
2013 ~300 ~ 0.53 ~84

Jinlong Zhang(SDU)

2013 W trigger FOM
":1007
T 10op
i
o 80—
T Js=510 GeV
60
o
Run12 | | /
FOM [
[ 1 1
odiMar 23/Mar OG/Apr 20/Apr 04/May 18/May 01/Jun 15/Jun

ay

e |n 2013, STAR collected an
integrated luminosity of ~300 pb—!
at /s = 510 GeV with an average
beam polarization of ~53%, which
is 3 times greater than total of
previous years in FOM.
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orward GEM T racker

e FGT was fully installed for
Run 2013

o Acceptance can be enhanced
ton <2

e FGT analysis is ongoing, will
help charge separation

<
hEF

et

FGT on STAR
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Projection of W A; for Run 2013

STAR Run 2013 Projection

AL
- Pp oW Sets v
r (=510 GeV 25 <ES < 50 GeV W
0.5 - Lyeiiveres=460pb™

) <P>=53% &
poooSEEEE —t
| e
r ]

-05- . -
L W'w
| — --.-DSSV08 RHICBOS +
-. DSSV08 CHE NLO W
Lo LSS10 CHE NLO
DSSV08 LO Ax?/x2= 2% error
[ 3.4% beam pol scale uncertainty not shown
PSS RSN ST SRS N SR S ST S S S
-2 -1 0 1
lepton 1
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2
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Extension of backward and
forward acceptance enhances
sensitivity to 7 and d quark
polarization

Higher precision result is
expected from much larger
statistics of run13 database
(being analyzed).
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o STAR has measured the parity-violating A; of W
bosons as a function of decayed lepton
pseudo-rapidity, e, which provides significant
constraints on Az and Ad

» New constraints on light quark sea polarization
from W data, preferring a positive At

e Ay of W production and A; of Z production
were also firstly measured, consistent with the
theoretical predictions.

 Higher precision data being analyzed now from
Run 13
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2009 STAR W Results

10°c Theory: FEWZ and MSTWO8 NLO PDFs
2 F
Al PApoWELX o e+ X geizesl E‘
0.4F STAR /5 =500 GeV 7
25 < E; <50 GeV = 3
0.3F &1 -
. = oW v ATLAS ¢ CDF
02 © [ oppow & = CMS + DO
0.1p g, —0_
A= 7 -
i x o, +o_ @‘
0 ===t =
W~ W* RHICBOS i -
-~ — DNSK <
—0.1F ~ DNSKKP = He
--- — DSSV08 g F P2y
—02F CHE sr10k
DSSV08 L INE
—03F e+ 7
4 F—— [ o Vs (GeV)
—0.4F msyst. uncertainty due mlmkm—\‘—_‘\:
/o pol. nor ortaint 2 5 \ 2
Bt md e iy i j i\\\\\\ﬁ\\\\\\
He
[+ 4 N 3
PRL 106, 062002 (2011) e TIN5 5
& FEwz NLO MsTWO8
[[Z] FEWZNLO CTEQ 6.6
e 2009 was a very successful first : i - i -
500 GeV physics run ' L '
PRD 85, 92010 (2012)
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W Ar(ne): 2012 Preliminary Results vs. 201142012 Results

JISTAR * Preliminary Run 2012 STAR Run 2011+2012

+ - > +
p+p—> W —e*+v p+p > W' et v
(5=510 GeV 25 < E} <50 GeV/ I Vs=510 GeV 25 < E$ < 50 GeV

Rel lumi
syst

0.5 W'W e
—— DSSV08 RHICBOS [+ -+ STAR Data CL=68%
—— DSSV08 CHE NLO | — -.-.-DSSV08 RHICBOS

-1 .- .- DSSV08 CHENLO
- L - oo LSS10 CHE NLO
DSSV08 LO Ay2/x2= 2% error
3.4% beam pol scale uncertainty not shown

T T T T T I S S Y S Rt

-2 -1 0 1 2 -2 -1 0 1 2
lepton n lepton 7
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Second EEMC Background

near-cone
jet veto
works well

near-cone
jet veto

IMPAIRED
due to missing
East Endcap

back-to-back
di-jet veto on
back-to-back  East Endcap
di-jet veto in FAILS £
West Endcap

works well

forward-forward
di-jet veto on 4%
East Endcap
FAILS

forward-forward
di-jet veto in
West Endcap
works well

The background events rejected by the real EEMC which are measured in
the positive detector 1 bins correspond to the background event that would be
removed from the signal yield in the negative detector 1 bins by a fictitious
EEMC on the east side of STAR.

Jinlong Zhang(SDU) RHIC/AGS users meeting, June 17



Forward-rapidity Background Estimation

Events / 8 GeV

Jinlong Zhang(SDU)

—+ STAR Data

Data-driven QCD
B z-eemc
Ww-cvme

signed Pt-Balance (GeV)

Events / 8 GeV

20— —+ STAR Data
- Wosey MC W-
15 Data-driven QCD
Wz-eemvc
W w-vme
10
5

-20 0 2

5 D
signed Pt-Balance (GeV)

Similar background estimation to mid-rapidity, but based on

Pr-Balance
Combined 2011 and 2012

RHIC/AGS users meeting, June 17th, 2014
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Unpolarized back

betaP_2011 betaN_2011
@ F « F
o.of o o.sf e
0.8f- o84
0.7 0.7
0.6 0.6
0.5 23 AN 0- 2T 778
L starPhysEta bin starPhysEta bin
betaP_2012 betaN_2012
@ F « F
o.9f o[t N
0.8} 0.8
0.7 0.7f
0.6 o.6f
0.5 4 5 4 2 < 3 0. 2 3 2 7
starPhysEta bin starPhysEta bin
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Systematic Uncertainties

e Beam polarization uncertainty: correlated scale 3.4%
e Relative luminosity uncertainty: correlated offset AA; = 0.007

e Background estimation: less than 10% of statistical error
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pp v/s: 500GeV vs 510Ge

[ W+ A__pp500 (blue) and pp510 (red) |

[ W-A_ pp500 (blue) and pp510 (red) |

T

0.45

pp510-|

-0.2

| pp500 | =

P

L

AT

E i 0.3F
03 ; : E

[ foseeiy i F

o i 0.25F
0,35 E

S 0.2F
= : 0.15F

£ 0 =

r 0.05F
05 | S

E o

2 - 4 -0 0.5 15 2 2 A5 a4 2

e Expect negligible difference in A; from 2% change in +/s.
e CHE(NLO) curves with DSSV confirm this expectation

Jinlong Zhang(SDU)
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